cells were harvested by centrifugation (9 000 g, 20 mins) and the pellet was re-suspended in washing buffer using a homogeniser. The cells were lysed and the cell debris was collected by centrifugation (30 000 g, 45 mins). The supernatant was loaded onto chelating sepharose resin (pre-equilibrated with the wash buffer), in a 50 mL Falcon tube. The suspension was placed on a roller for 1 hr. The suspension was then centrifuged (4000 g, 5 mins, 4 °C) the supernatant was removed, washing buffer added (30 ml) and the suspension placed on a roller for 15 mins followed by centrifugation (4000 g, 5 mins). Contaminating proteins were removed by washing the resin a further 3 times with washing buffer (roll for 15 mins, followed by centrifugation at 4000 g for 5 mins). Elution buffer was added to the resin and placed on a roller for 1 hr. The suspension was centrifuged (4000 g, 5 mins) and the eluted His tagged NAL enzyme dissolved in the supernatant was decanted from the resin. The resin was then washed for a second time with elution buffer and rolled (15 mins) followed by centrifugation (4000 g, 5 mins) and the supernatant was collected. The eluted NAL was then dialysed (12 hr, 4 °C) Tris-HCl dialysis buffer. The following morning, the dialysis tubes containing eluted NAL were then transferred to fresh dialysis buffer (50 mM Tris/HCl, 50 mM NaCl, pH 7.5) and left to dialyse (4 hr, 4 °C). The dialysed solution was then sterile filtered into falcon tubes and stored at 4 °C. For longer-term storage, the NAL was dialysed into ammonium acetate buffer and freeze-dried. Freeze-dried protein was re-dissolved into a suitable buffer depending on the experiment required.
SDS Page
Protein purity was determined by SDS page. The composition of the running gel and stacking gel are given in Table S1 . The ladder was provided by Fermentas and the gel was stained 
Measurement of concentration of NAL
Concentration was determined by transferring 900 µl 100 mM Tris.HCl buffer (pH 7.4) into a 1 ml quartz cuvette (path length 1 cm) as a blank to calibrate the spectrometer. 100 µl dialysed NAL solution was added to the buffer and the absorbance measured at 280 nm.
The extinction coefficient of His 6 -tagged NAL is 24870 M -1 cm -1 , which according to the BeerLambert Law gives a protein concentration of 1 mg/ml when A 280 = 0.743.
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Concentration of NAL
Concentration of NAL solutions were carried out using 15 ml centrifuge filters (Regenerated cellulose 10 000 NMWL) purchased from Amicon Ultra -IS. Centrifuge filters were prepared by washing with water, followed by centrifugation (2187 g, 10 min) then three times with buffer (depending on which buffer the protein to be concentrated is dissolved into) followed by centrifugation (2187 g, 10 min). The protein solution was then transferred to the filter and centrifuged (2187 g) until the desired volume/concentration was achieve. 
Monitoring reactions catalysed by NAL variants
For each experiment 0.1 mmol of alkene was cleaved by standard ozonolysis conditions. After quenching the solution was transferred to an NMR tube and concentrated by blowing nitrogen over the solution to remove all volatiles. The NMR tubes were then placed in a drying tube on the high-vacuum line over-night to remove all trace of volatile contaminants.
A 1 M solution of sodium fluoropyruvate in 50 mM Tris-HCl buffer pH 7.4 (20 µl, 0.02 mmol) was added followed by NAL in 50 mM Tris-HCl buffer pH 7.4 (980 µl) (NAL concentrations: E192N, 1.00 mg/ml; E192N/T167V/S208V, 0.90 mg/ml; E192N/T167G, 1.82 mg/ml). A sealed capillary tube containing deuterium oxide was placed inside the NMR tube. The experiment was kept at room temperature and re-submitted for 296 MHz 19 F NMR initially at 1 hr intervals for the first 7 hr, then at 3-6 hr intervals thereafter up to 36 hr. Conversions were calculated by comparing the relative integrals of the product peaks to the fluoropyruvate peaks. When the fluoropyruvate peaks were no longer visible in the NMR spectrum, the reaction was judged to have gone to completion.
Protein crystallisation and complex production
Wild-type saNAL crystals were produced using the following conditions: 100mM Tris/HCl 
Data collection and refinement
Data collection was carried out on beamline I04 at Diamond Light Source. The data set was collected from a single crystal at 100 K. Integration and scaling of data was carried out by XDS 2 and SCALA. 3, 4 The structure of the wild-type saNAL enzyme in complex with fluoropyruvate was solved by molecular replacement in Phaser using the structure of wild-type saNAL (PDB ID:4AHP) as the search model. REFMAC5 5 was used for refinement of the data and after each refinement cycle model building was performed in COOT. 6 Coordinates and restraint library files for the lysine residue covalently bound to fluoropyruvate (HETcode: KPF) were generated using the PRODRG server and were manually edited. 7 The model was validated using the Molprobity server.
8 
Values given in parentheses correspond to those in the outermost shell of the resolution range.
c Rpim -precision indicating (multiplicity-weighted) Rmerge, relative to all I+ or I-. 
S2. Preparation and characterisation of compounds
General Experimental
All Commercially available starting materials were obtained from Sigma-Aldrich, Fluka, Acros or Alfa-Aesar and were used without purification unless stated. Ozone was generated using a Welsbach generator at 0.4-0.6 psi. Avance DPX 300, Avance 500 or DRX 500 spectrophotometers and the spectra were 
General method for ozonolysis
Unless otherwise stated, ozonolysis was carried out under the following conditions. The alkene was dissolved in methanol (0.1 mmol of alkene per 0.5 ml of MeOH), cooled to -78°C, purged with O 2 for at least 10 min and then exposed to ozone. Once a blue colour was observed, excess ozone was purged from the reaction with O 2 . Me 2 S (0.15 ml per 0.1 mmol of alkene) was added and the reaction was allowed to stir under nitrogen until all peroxides were quenched (starch-iodide paper).
Preparation of Specific Compounds
General The general procedure gave after >1 week the fluorinated sialic acid mimetic 11 4d (13 
(3R,4R)-Acetamido-3,5-dideoxy-3-fluoro-D-erythro-L-manno-2-nonulopyranosonic acid 4a
The general procedure gave after 24 hr the fluorinated sialic acid mimetic 11 4a (103 mg, 34% Hz, minor anomer); m/z (ES-) 326.
2,3-O-Isopropylidene-D-lyxono-1,4-lactone 6
Concentrated sulfuric acid (3.75 mL), was added to a solution of lactone 12 5 (4.6 g, 31 mmol) in acetone (200 mL) and stirred under nitrogen for 8 hr. 
.
5-Deoxy-5-iodo-2,3-O-isopropylidene-D-lyxono-1,4-lactone 7
Triphenylphosphine (11 g, 42 mmol) and imidazole (2.6 g, 38 mmol) were added to a solution of the lactone 6 (2.6 g, 14 mmol) in toluene (30 mL). The mixture was heated to 70 °C, then iodine (8 g, 63 mmol) was added in portions. After 30 min the reaction was allowed to cool to room temperature, was quenched with sodium thoisulfate solution (1 M, 500 mL) and extracted with ethyl acetate (4 × 500 mL 
(2S, 3S)-2,3-O-Isopropylidene-pent-4-eonic acid ent-8
Zinc/copper couple (7.1 g) was added to a solution of iodide 7 (3.98 g, 13 mmol) in acetonewater (4 : 1, 33 mL) and the mixture was refluxed for 2 h, then allowed to cool to room temperature. The mixture was filtered through Celite, concentrated under reduced pressure, and then redissolved in chloroform (40 mL) containing formic acid (1 mL). The mixture was washed with brine (25 mL), the aqueous phase was extracted with chloroform 
